INTRODUCTION
The Moschidae are a family of "derived ruminants" (Pecora). Today, they are only represented by the genus Moschus (or musk deer), but were far more diverse during their evolutionary history. Recent molecular (Hassanin et al., 2012) , morphological (Sánchez et al., 2010) , and combined (Sánchez et al., 2015) phylogenetic analyses point to a close relationship with bovids. However, there is no record of cranial outgrowths in the family Moschidae. Instead, the moschid males possess saber-like upper canines that are used both in display and for male-to-male combat. Today, the genus Moschus naturally occurs in Asia (from Afghanistan to Siberia) in mountainous and hilly areas (Groves, 2011; Groves and Grubb, 2011) . All current musk deer populations are listed in Appendices I and II of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES, 2017) and the IUCN Red List of Threatened Species. There are six endangered and one vulnerable species in the IUCN Red list (IUCN, 2018) . In 1975, over 44,000 musk deer (Moschus moschiferus) were living in Mongolia (Damiran, 2005) . Around three million musk deer lived in China in the 1950s. Today most likely fewer than 220 to 320 thousand remain (Groves, 2011) . One of the main causes for the strong decline is hunting to gain musk (a fragrance produced in the male gland and highly valued in perfume industry and traditional Chinese medicine). The present overexploitation may finally lead to the disappearance of populations in Siberia and China.
During their evolutionary history, moschids were far more diverse and widespread over Eurasia (e.g., Morales, 2006, 2008; Sánchez et al. 2009 Sánchez et al. , 2010 Sánchez et al. , 2011 Wang et al., 2015; Aiglstorfer et al., 2017 Aiglstorfer et al., , 2018 . However, only little is known on the origin and early evolution of this family, especially in Asia. Several late Oligocene and early Miocene hornless ruminants have been included into this family, mainly based on plesiomorphic characters including the absence of cranial outgrowths and the presence of saber-like upper canines (e.g., Amphitragulus, Pomelomeryx, Bedenomeryx, Dremotherium, and Blastomerycinae in Prothero, 2007, and Groves, 2016) . However, recent studies demonstrate that some of these taxa can be assigned to other clades (e.g., Dremotherium included in the Cervoidea, Sánchez et al., 2015;  Bedenomeryx included in the Giraffomorpha, Mennecart et al., 2019) . For the other above-mentioned taxa, we consider that an open nomenclature at the family level is the best to use at the present time (Mennecart, 2012; Mennecart et al., 2012) . As a result, only Micromeryx and Hispanomeryx remain as undisputable extinct moschid genera.
According to Sánchez et al. (2010) , the Moschidae is defined as the clade "comprising Micromeryx, Hispanomeryx, Moschus, and 'Moschus' grandaevus, their more recent common ancestor and all of its descendants" (Sánchez et al., 2010 (Sánchez et al., , p. 1039 and are diagnosed morphologically "by a foramen ovale separated from the infratemporal fossa by a low and small crest [, a] highly derived p4 with a mesolingual conid that joins with the [transverse cristid] through the posterolingual cristid and projects a very developed anterolingual cristid that closes, totally or almost totally, the anterior valley [, an] m3 with a bicuspidate third lobe displaying a well-developed postentoconulidcristid [, the] presence of a posterior metatarsal tuberosity [, and a] long and wide capitular facet in the radius" (Sánchez et al., 2010 (Sánchez et al., , p. 1025 .
Central Asia is often proposed as the origin of the diversification of pecoran families (Trofimov, 1957; Blondel, 1997; Mennecart, 2015; Mennecart et al., 2017) . However, the current oldest record of the Moschidae so far is from southeastern Europe (a small moschid assigned to Micromeryx sp. from Sibnica 4, Serbia; unit MN4 of the European biochronological system based on mammals; older than 16 Ma; Alaburic and Radovic, 2016) . Liu and Groves (2016) named Micromeryx sp. from Sihong in China as a record of similar age. However, in their review of the locality, state that the record is unconfirmed, as the original specimens are lost or the identification cannot be verified. The determination of the ruminant remains defined as Micromeryx from the early Miocene locality Damiao DM16 (Wang et al., 2015) by Zhang et al. (2011) has been questioned due to the fragmentary state of the specimens (Wang et al., 2015) . No less than six species of Micromeryx and three species of Hispanomeryx are known in Western and Central Europe (Thenius, 1950; Morales et al., 1981; Azanza, 1986; Vislobokova, 2007; Sánchez and Morales, 2008; Sánchez et al., 2009; Sánchez et al., 2010; Liu and Groves, 2016; Aiglstorfer et al., 2017) . In contrast, only a few remains of Micromeryx and Hispanomeryx are currently known from Asia, comprising one described Hispanomeryx species: Hispanomeryx abdrewsi from the Chinese Wolf Camp, Tunggur Formation (Sánchez et al., 2011) . Most of the other specimens are undetermined at the species level (Wang et al., 2015; Aiglstorfer et al., 2018) .
From 1995 to 2012, the Mongolian Academy of Sciences and the Natural History Museum of Vienna carried out an extensive program of field work in Oligocene and Miocene deposits of the Valley of Lakes region in Mongolia (Daxner- . This project's outreach comprises several scientific publications, the identification of about 19,000 fossils, the description of 175 fossil mammal species (including 32 newly erected species), and the first precise integrated stratigraphy of the Mongolian Oligocene and Miocene combining biostratigraphy and radiometric dating. In 2002, Vislobokova and Daxner-Höck published the ruminants discovered during the first missions (1995) (1996) (1997) . Very few ruminant species and specimens were described from the Ulan Tolgoi Miocene deposits then (Eotragus sp. and Lagomeryx sp.).
Here we re-evaluate the fossils assigned to Lagomeryx by Vislobokova and Daxner-Höck (2002) and describe two additional teeth of a small-sized ruminant. We consider these fossils to be the first Miocene moschid remains from Mongolia. The very scarce fossils (only four specimens) belong to at least two different species, including one that cannot be assigned to any currently known moschid.
GEOLOGIC SETTING AND AGE
The locality Ulan Tolgoi is situated in the northeast of the Taatsiin Tsagaan Nuur Basin, which is part of the Valley of Lakes in Central Mongolia ( Figure 1 ). From bottom to top, the basin is filled with Mesozoic and Cenozoic continental sedi-ments. The Cenozoic sequences comprise the Tsagan Ovo, Hsanda Gol, and Loh formations and range from the Eocene to the Miocene. After the first field investigations (Mongolian-Austrian research project 1995 -1997) , an integrated stratigraphy of this region was published based on lithology and biostratigraphy of the fossil bearing sediments and radiometric ages of intercalated basalt flows (basalts I -III) (Höck et al., 1999) .
Later (2011 -2012) , detailed investigations of more than 20 geological sections ranging from Eocene to Oligocene and earliest Miocene strata of the Taatsiin Tsagaan Nuur Basin followed, yielding around 19,000 fossils from 70 fossil beds. This huge fossil database, the 40 Ar/ 39 Ar ages of basalt I (~ 31.5 Ma) and basalt II (~ 27 Ma), and magnetostratigraphic data enable a composite age chronology for deposits ranging across the Eocene/ Oligocene boundary, the Oligocene (Rupelian and Chattian stages / Hsandagolian and Tabenbulukian CMA = Chinese Mammal Ages) and earliest Miocene (Aquitanian stage / Xiejian CMA). The updated data allow age estimations of the hitherto informal Mongolian biozones A -D. The biozones A -B correlate to the Rupelian, biozones C, C1, C1-D correlate to the Chattian, and biozone D to the Aquitanian (Daxner- . Moreover, the informal biozones (A -D) were formalized according to the International Stratigraphic Guide .
Younger deposits, of the early Miocene (Burdigalian stage / Shanwangian CMA) and/or middle Miocene age (Langhian and Serravallian stages / Tunggurian CMA) were not resampled and not studied in detail during the 2011-2012 field investigations. The associated fossils (indicating the informal biozones D1/1 and D1/2) provide inadequate numbers and quality of data. They belong to early collections of 1995 -1997, when fossils were collected from surface and from small test samples (Höck et al., 1999; Daxner-Höck and Badamgarav, 2007; Daxner-Höck et al., 2013) .
Biozone D1/1 was defined on the basis of a few small mammal teeth from the localities Uolon Ovoony Khurem (samples: ODO-A/2-6 and ODO-B/1) and Luugar Khudag (sample: LOG-B/1). The composite faunal list is: Alloptox gobiensis, Allop-tox cf. minor*, Bellatona sp*, Parvericius buk, Heterosminthus mongoliensis, Democricetodon tongi, Democricetodon aff. lindsayi°, Megacricetodon aff. sinensis° (identified / updated by * , °: Daxner- Höck et al., 2013 or Erbajeva and Daxner-Höck, 2014 * ; Maridet et al., 2014a°) . Located in the northwest of the basin, these strata consist of brick-red to brown silty claystone of the Loh Formation. The outcrops are located below basalt III (in this region the ages of basalt III range from ~13 to15 Ma). The estimated age is likely early Miocene (Burdigalian / Shanwangian) (Daxner- Höck et al., 2013; Erbajeva and Daxner-Höck, 2014) , although Maridet et al. (2014a) suggested a middle Miocene age according to the evolutionary stage of TABLE 1. Composite mammal list from Ulan Tolgoi (UTO) indicating biozone D1/2. Identifications / updates *, °, °°, +, ** (Höck et al., 1999; Zazhigin and Lopatin, 2000; Daxner-Höck, 2001; Vislobokova and Daxner-Höck, 2002; Göhlich, 2007; Heissig, 2007; Ziegler et al., 2007; Daxner-Höck et al., 2013; Erbajeva and Daxner-Höck * , 2014; Maridet et al., 2014 Maridet et al., a°, 2014b°°, 2017 this publication ** ).
Cricetidae. In fact, due to the poor fossil evidence final stratigraphic resolutions are still missing.
Biozone D1/2 was defined on the basis of mammals from the localities Ulan Tolgoi (samples: UTO-a, b, c = UTO-A/3, 5, 6; Table 1, Figure 1 ) and Loh (sample: LOH-A/2), about 80 km east of the localities of biozone D1/1 (Daxner- Höck and Badamgarav, 2007; Daxner-Höck et al., 2013) .
Ulan Tolgoi (UTO)
Geographic setting and lithostratigraphy. The locality is situated in the northeast of the basin, close to its northern margin. Here, a ~ 50 m thick sediment sequence of the Loh Formation is exposed along a southwest to northeast striking ridge ( Figure 1 ). From bottom to top, the beds are:
(1) reddish-brown sandy siltstone (sample UTO-a = UTO-A/3; GPS position: N 45°20'49" E 101°50'16"), followed by (2) whitish-grey sandstone and siltstone with gravel lenses (scattered bones included). The sandy whitish part is locally covered by (3) a reddish-brown silty claystone (sample UTO-b = UTO-A/5; GPS position: N 45°20'41" E 101°50'28"), followed by (4) a rosegrey siltstone layer (sample UTO-c = UTO-A/6; GPS position: N 45°20'34" E 101°50'13"). Towards the top of the sequence (5) brown silt, and (6) quaternary gravels follow. Mammal composition. The Ulan Tolgoi fossil collection is composed of small and large mammals. Small mammals were selected from three screen washed samples (UTO-a, b, c), and scattered large mammal remains were collected from surface in the vicinity of the sample places. Though the fauna comprises 21 genera (Table 1) , species identification is almost impossible, because the taxa are represented by only one or a few specimens. Biostratigraphy and age estimation. The age of the Ulan Tolgoi fauna can only be inferred from biostratigraphic data, because no Miocene basalt is exposed in this region, and no magnetostratigraphic data are available so far. The UTO-fauna is characteristic of biozone D1/2, and the initial age estimation was late early Miocene or early middle Miocene (Höck et al., 1999; Daxner-Höck and Badamgarav, 2007) . A late early Miocene age was favoured by Vislobokova and Daxner-Höck (2002) and Daxner- Höck et al. (2013) . Later, Maridet et al. (2014a Maridet et al. ( , 2014b Maridet et al. ( , 2017 and Erbajeva and Nadezhda (2013) dated the Ulan Tolgoi fauna as middle Miocene.
Recent comparisons of the Ulan Tolgoi fauna to mammals from early and middle Miocene faunas from Inner Mongolia in China (Qiu et al., 2013, fig-ure 5.2, table 5.1; Wang et al., 2003, (Qiu, et al., 2013, table 5.1) .
The Tunggur and Tarium Nur faunas of central Inner Mongolia provide a dense fossil record, first of all the Moergen faunas (= former "Tunggur faunas"). This allows us to observe evolutionary changes of individual lineages and changes in the entire faunal composition during the Tunggurian CMA (Qiu, 1996; Wang et al., 2003) . Moreover, magnetostratigraphic data along the composite Tunggur section (sections of Tunggur and Tarium Nur) were studied and correlated with the geomagnetic polarity time scale (Wang et al., 2003) and later several times reinterpreted . So far, the final correlation of the fossil bearing layers in the Moergen section are assumed to have an age of 13.7 -11.8 Ma. In case of the Tarium Nur section, the age may be extended downward to 15 Ma (Qiu et al., 2013, p.172, figure 5 .3). All of these data indicate a middle Miocene age (Tunggurian) for the Tarium Nur and Moergen faunas.
The composition of the Ulan Tolgoi fauna is incomplete, and it is apparent that most taxa could not be identified on species level because of the extremely low number of fossils due to sampling biases. The absence of Protalactaga, of the high crowned Plesiodipus, and of the advanced Gobicricetodon robustus, on the other hand, suggest an early middle Miocene age of Ulan Tolgoi (~ 16 -13 Ma; upper Langhian stage / late Shanwangian to early Tunggurian CMA) rather than a younger age.
MATERIAL AND METHODS

Material
The moschid material presented in this work comes from Ulan Tolgoi (UTO, Valley of Lakes, Mongolia). Most of the specimens have been discovered during the first field expeditions (1995) (1996) (1997) , and they are housed at the Naturhistorisches Museum Wien (NHMW) in Austria in agreement with the Mongolian competent authorities under the repository numbers NHMW 2001z0119/0001, NHMW 2001z0120/0001, and 6 NHMW 2001z0120/0002. One specimen has been recently found and is housed at the Institute of Paleontology and Geology of the Mongolian Academy of Sciences (MPC; MPC/0192/0001). Only NHMW 2001z0119/0001 and MPC/0192/0001 possess a specific location in the stratigraphy (UTO-A/ 5 and UTO-A/6, respectively). Nevertheless, all UTO localities are of similar age (Daxner- Höck et al., 2013) . Pictures of the teeth are multi-focus photographs (z-stacking of 10 pictures).
Nomenclature and Measurements
The dental nomenclature (Figure 2 ) follows Bärmann and Rössner (2011) . The measurements were done using a calliper with a precision of 0.2 mm. Systematic position of the Lagomerycidae is still unsolved . We will refer to them in the text as Lagomerycidae as a distinct family from Cervidae. (4), occlusal (5), and lingual (6) views; right p2 from UTO-A/6 (MPC/ 0192/0001) in labial (7), occlusal (8), and lingual (9) views; M. cf. primaevus: left m3 from UTO (NHMW 2001z0120/0001) in labial (10), occlusal (11), and lingual (12) views; 3, 6, and 9 are mirrored pictures. Scale bar is 10 mm. (13) dental nomenclature of the lower molar: Ci, anterior cingulid; Ec, ectostylid; En, entoconid; End, entoconulid; Hy, hypoconid; Hyd, hypoconulid; Me, metaconid; Med, metastylid; PF, "Palaeomeryx fold"; Pr, protoconid. (14) dental nomenclature of the lower premolar: AC, anterior conid; AS, anterior stylid; MaC, mesolabial conid; Mic, mesolingual conid; PaC, posterolabial conid; PiC, posterolingual conid; PS, posterior stylid; TC, transverse cristid.
Institutional
Description
In the right p2, the enamel is slightly pleated on the lingual side. The anterior conid is located anteromedian, forming a pointed anterior part of the tooth. The straight anterolabial cristid starts from the apex of the mesolabial conid and joins the anterior conid on its posterolabial side. The anterior conid is low and does not form any labial relief. The large mesolabial conid is the highest cuspid. It is located central and median. It possesses a broad posterior part. Since the posteriolingual conid is labiolingually oriented, it forms a narrow and deep posterior valley. The posterolingual conid is long, reaching to the lingual side of the tooth, forming a small protrusion. On its labial face, we can observe a vertical depression. The posterolabial cristid, reaching from the mesolabial conid apex to the labial part of the posterolingual conid, is curved. The posterolabial conid is quite distinct. It forms the posterolabial corner of the tooth. As there is no posterior stylid, the back valley is widely open. The posterolingual conid is higher than the anterior conid. There is no cingulid.
The p4 is a little worn, high crowned, and the enamel is slightly wrinkled. There is a short anterolabial cingulid and a vestigial anterolingual cingulid. The mesolabial conid is located median. It is smaller than the mesolingual conid. The latter is slightly shifted to anterior and is laterally compressed. It is the highest conid. The posterolabial cristid is very short, and the posterolabial conid is well-marked. There is a distinct labial depression anterior to it. The posterior stylid is very weak. The posterior interdental contact surface implies that the p4 was considerably intruded by the m1.
The medium-sized molar has a fully developed selenodonty. The enamel is slightly wrinkled. The lingual side of the tooth is flattened. The conids are not fully aligned, comprising an interme-diate situation between the condition of bovids and cervids/palaeomerycids, as observed in some moschid taxa. All cristids are more or less straight. Preprotocristid and prehypocristid are parallel and oriented obliquely to the main axis of the tooth. The same applies to internal postprotocristid and posthypocristid. The prehypocristid is lower and terminates in the posterior wall of the internal postprotocristid. It does not meet the connection between internal postprotocristid, preentocristid, and postmetacristid. A well-developed, long and slender, external postprotocristid starting from the apex of the protoconid forms a deep "Palaeomeryx fold". The metastylid is weak and the entostylid is absent. Postentocristid and posthypocristid are fused and close the posterior wall. The ectostylid is very well-developed. The anterior cingulid is weakly developed. Due to the strong "Palaeomeryx fold" and the still marked anterior cingulid, we consider the tooth to be a m1.
Taxonomic Discussion
As the p2 (MPC/0192/0001) shows no distinct taxonomic characters it is attributed to the Moschidae here mainly based on size and general morphology.
The p4 (NHMW 2001z0119/0001) was first determined as the lagomerycid Lagomeryx sp. (Vislobokova and Daxner-Höck, 2002) . However, the tooth bears a character combination that clearly distinguishes it from Cervidae / Lagomerycidae. First of all, the relatively high crown of the tooth is neither present in early Cervidae, from the early and middle Miocene, nor in Lagomerycidae, (e.g., Azanza and Ginsburg, 1997; Rössner, 2010) . Moreover, the split of anterior stylid and anterior conid, the closure of the anterior valley with participation of an anterolingual cristid, an elongated mesolingual conid lacking a strong lingual rib and fusing with an oblique cristid obliqua at the posterior tip of the posterolingual cristid, as well as an open posterior valley in the p4 is characteristic for the Moschidae among all Oligocene to middle Miocene Pecora (e.g., Sánchez and Morales, 2008; Sánchez et al., 2010 Sánchez et al., , 2011 Aiglstorfer and Costeur, 2013; Aiglstorfer et al., 2017; and see Mennecart, 2012, 2015 for late Oligocene to early Miocene ruminants; Azanza and Ginsburg, 1997; Ginsburg and Chevrier, 2003; Rössner, 2010 for Lagomerycidae; van der Made, 2012; Köhler, 1987; Suraprasit et al., 2013 for middle Miocene Bovidae from Eurasia). In the North American "Blastomerycidae" there is a slight tendency to close the anterior valley in the p4 as well (personal 8 observation on the material housed at the AMNH). However, there is no "blastomerycid" taxon that combines a fully closed anterior valley, a mesolingual conid with distinct cristids, and an obliquely transverse cristid in the p4 (Frick, 1937; Prothero, 2007) . Other taxa with a closed or nearly closed p4 differ from the p4 described here by morphology and size. Tuscomeryx is an enigmatic insular ruminant possessing an anteriorly closed p4 (Abbazzi, 2001) . Its moschid attribution (Abbazzi, 2001 ; Angelone and Rook, 2011) is questioned today (Sánchez et al., 2010; Fejfar et al., 2015) . Its p4s are shorter and anteroposteriorly more compressed than the specimen described here and distinctly differ in morphology (e.g., mesolingual conid with strong rib; for further details on the morphology see Abbazzi, 2001) . Although the anterolingual cristid of the p4 described here is not as strongly developed as is usually the case in the middle Miocene Moschidae, it is still in the range of variation of what we observed in the rich moschid populations from Steinheim am Albuch (Germany) or Sansan (France; both middle Miocene; specimens housed at MNHN and SMNS, Aiglstorfer et al., 2017) . The strong relief in the described p4 formed by a pronounced posterolabial conid and a distinct incision is similar to the condition in Hispanomeryx. The relief is often more enhanced in this genus than in Micromeryx, although there is variability (pers. obs. and pictures in Azanza, 1986; Sánchez and Morales, 2008; Sánchez et al., 2010 Sánchez et al., , 2011 . The p4 from Ulan Tolgoi differs from Hispanomeryx duriensis by having a transverse cristid, which is absent in the latter, and from the other two species H. daamsi and H. aragonensis clearly by a larger size. Its size is closest to the Asian Hispanomeryx andrewsi (Sánchez et al., 2011;  see Figure 3 ). The Mongolian form furthermore shares with H. andrewsi the quite pronounced split in anterior conid and stylid. Hispanomeryx andrewsi is currently only known from the Chinese Wolf Camp, Tunggur Formation (Sánchez et al., 2011; Wang et al., 2015) , which is dated from 11.8 to 13 Mya.
The lower molar (m1?, NHMW 2001z0120/ 0002) from Ulan Tolgoi also shows clear characteristics of the Moschidae. Its lingual wall is too flat to belong to any Miocene Cervidae or Lagomerycidae or even to any more primitive Pecora (Amphitragulus and Dremotherium). The mesostylid in the Ulan Tolgoi specimen is not as developed as in Cervidae or Amphitragulus and Dremotherium (see above mentioned articles). In contrast to the condition observed in the North American "Blastomerycidae", which are already more hypsodont than most contemporary Eurasian ruminants, the posterior fossa is posteriorly closed in the Ulan Tolgoi specimen by a fusion of the posthypocristid and a well-pronounced postentocristid. Thenius, 1950; Morales et al., 1981; Azanza, 1986; Vilsobokova, 2007; Sánchez and Morales, 2008; Sánchez et al., 2009; Sánchez et al., 2010; Sánchez et al., 2011; Alaburic et al., 2016; Aiglstorfer et al., 2017; personal observation) .
This recalls the condition observed in Bovoidea (Sánchez et al., 2010) . From bovids the molar can be clearly distinguished by the presence of a strong external postprotocristid. On the other hand, this cristid is shared with many ruminants as in Tuscomeryx. However, in contrast to Tuscomeryx (Abbazzi, 2001) the lingual wall is more flattened, the conids are less bulky with weaker ribs, and the posterior valley is closed in the m1? from Mongolia, as it is the case in other Moschidae. The presence of a strong external postprotocristid and the marked lingual elements of the Ulan Tolgoi molar also prevents an attribution to Hispanomeryx. The specimen, furthermore, differs from the usual condition in Hispanomeryx, as the inner walls of the conids are less steep and the fossae are wider. In Micromeryx, an external postprotocristid is a common feature (except for Micromeryx azanzae), but in this genus the teeth are less flattened lingually, less aligned and the lingual crown elements have a more pyramidal shape than in the Ulan Tolgoi molar (Sánchez and Morales, 2008; Sánchez et al., 2009; Aiglstorfer et al., 2017) . Furthermore, Micromeryx is usually lower crowned than the Ulan Tolgoi molar (Sánchez et al., 2011; Aiglstorfer et al., 2017) and smaller (Figures 3, 4) . The ribs in the Mongolian specimen, despite the clearly present rib at the metaconid, are not as bulgy, and the stylids not as prominent as they are usually in Micromeryx flourensianus from Sansan and Steinheim am Albuch (Aiglstorfer et al., 2017) . The external postprotocristid in the Mongolian specimen is stronger than in Micromeryx mirus (Vislobokova, 2007) and Micromeryx soriae (Sánchez et al., 2009) . The lingual wall of the entoconid is less rounded in the specimen from Mongolia than in these Micromeryx species, as well as in Micromeryx styriacus (Thenius, 1950) . The cingulid in the Mongolian specimen is quite weak in comparison to Micromeryx, and even in the more hypsodont M. soriae it seems to be stronger (Sánchez et al., 2009 ). However, there seems to be even FIGURE 4. Comparison of tooth row length in Moschidae indet. and Micromeryx cf. primaevus (data from this study) with other Moschidae. Hispanomeryx: calculated from more complete toothrows of Hispanomeryx duriensis (EL-1, EL-4-5) and H. andrewsi (AMNH 92287, AMNH 92267, AMNH 92268, AMNH 26499) (data from Morales et al., 1981 and Sánchez et al., 2011) ; as only maximal and minimal values were published for Hispanomeryx daamsi, the taxon was not included). Micromeryx: calculated from more complete toothrows of Micromeryx azanzae (TOR 3B-3, MPZ 2006 / 424, MPZ 2006 /428, MPZ 2006 /432, MPZ 2006 data from Sánchez and Morales, 2008) Aiglstorfer et al., 2017) . Moschus: calculated from Moschus moschiferus (MNHN CG 1961 294, SMNS 1238 , ZFMK 1997 own data) . Hispanomeryx aragonensis (data from Azanza, 1986) . Micromeryx? eiselei (data from Aiglstorfer et al., 2017) . 10 intraspecific variability in this character. In Micromeryx? eiselei, it also reaches quite far to the lingual side, which is uncommon in M. flourensianus (Aiglstorfer et al., 2017) . In any case, the cingulid is usually shorter/less distinct in Hispanomeryx than in Micromeryx. Summing up, the general morphology of the Mongolian molar differs from Hispanomeryx by the presence of a strong external postprotocristid, the absence of this character being diagnostic for the genus Hispanomeryx (Sánchez et al., 2010) . The degree of the alignment of the lingual conids represents a condition in between Hispanomeryx species and Micromeryx. The unique combination of characters suggests a new taxon.
The material presented here comprises only a few teeth, and the record of Miocene Moschidae in Asia is generally sparse. Thus, for the moment, it is impossible to evaluate inter-and intraspecific variability among Miocene moschids in this area. Therefore, we cannot determine if the three teeth can indeed be assigned to one taxon, or if they belong to different species. This is especially difficult for the p2, as it is not a very diagnostic tooth. Nevertheless, based on size and shape, we associate the p2 (MPC/0192/0001), the p4 (NHMW 2001z0119/0001) and the m1? (NHMW 2001z0120/0002) to a large form of Moschidae. If indeed p4 and m1? from Ulan Tolgoi belong to the same taxon, the length in the two tooth positions was quite similar, a feature that is similar to the condition observed in the genus Micromeryx (Figure 4) . Usually, Hispanomeryx possesses an m1 that is clearly longer than the p4 (Figure 4 ). Since the p4 is bigger than the m1, some doubt remains on the attribution of the two specimens to the same taxon. However, intraspecific size variation of more than 1 mm between p4 and m1 is still recorded for moschids (e.g., in Hispanomeryx andrewsi and Hispanomeryx daamsi, Sánchez et al., 2010 Sánchez et al., , 2011 . Moreover, while two sympatric moschid species are rather common (e.g., Sánchez et al., 2009 Sánchez et al., , 2010 Aiglstorfer et al., 2018) , it is very rare to find localities with three coexisting species (only Batallones-1 and Los Valles de Fuertidueña in Spain currently known, Sánchez and Morales, 2006) . Therefore, due to the sparsity of the material we refrain from splitting these specimens into more than one species and leave them all in open nomenclature as Moschidae indet.
Other Asian fossils falsely attributed to Lagomerycidae may also belong to this lineage of Moschidae indet. Confusion between the Lagomerycidae and Moschidae might actually extend to the works of Roger (1885 Roger ( , 1896 , who, on a false comprehension of Micromeryx, described some Lagomeryx remains as Micromeryx. This might be one of the causes that led to a different understanding of moschids and lagomerycids in the literature in the past. The specimens figured in Vislobokova (1983, figure 10 and 11) as Lagomeryx primaevus and ?Lagomeryx triacuminatus from Mongolia, in fact clearly show moschid features, while specimens attributed to Micromeryx sp. in the same article (Vislobokova, 1983, figure  19 ) are more disputable as they represent only deciduous teeth. It is interesting to note that Vislobokova (1990) also attributed several moschid-like teeth from the Tagay Bay of Ol'Khon Island (Lake Baykal, Russia) to Lagomeryx parvulus. The morphology of the p4 from Tagay Bay (e.g., anterior valley fully closed, oblique transverse cristid fused with the posterolingual cristid) and the size are very similar to the p4 from Ulan Tolgoi (NMW 2001z0119/0001). However, we have not seen the original fossil material from Tagay Bay of Ol'Khon Island, and we cannot rule out a posteriorly extended posterolingual cristid (which would be untypical for the Miocene Moschidae) based on the figures. However, there are also m3 from the Tagay Bay of Ol'Khon Island (Vislobokova, 1990 , figure k and q), which bear a closed third basin with a welldeveloped entoconulid contributing to the lingual wall, as it is typical for the Moschidae. New biostratigraphical dating of the Tagay Bay of Ol'Khon Island fauna led to an age correlating the biozone D1/1 (Langhian), and thus a little older than the Ulan Tolgoi locality (Erbajeva and Nadezhda, 2013; Klementiev and Sizov, 2015) . There are further records in Eurasia of alleged "lagomerycids", but bearing quite distinct moschid morphology (Vislobokova, 1983; Lungu, 1984 ; see also discussion in Aiglstorfer and Costeur, 2013) . Hopefully, with new findings, it will be possible to evaluate the specimens described here and other moschid-like ruminants found in the Miocene fossil record from Asia.
Genus MICROMERYX Lartet, 1851 Type species. Micromeryx flourensianus Lartet, 1851.
Micromeryx cf. primaevus Figure 2 .10-12
Material
Left m3 (NHMW 2001z0120/0001; size 11.1x5.4; formerly identified as Lagomeryx sp. by Vislobokova and Daxner-Höck (2002) from UTO (Ulan Tolgoi, Valley of Lakes, Mongolia), Loh Formation.
Description
The small-sized m3 is selenodont. The enamel is slightly wrinkled. The lingual wall in the m3 is more bulgy than in the m1? (NHMW 2001z0120/0002) described above, and the lingual cuspids are less aligned. The metastylid is very strong. The prehypocristid nearly meets the connection between internal postprotocristid, preentocristid, and postmetacristid. A well-developed, long, and bulky external postprotocristid, starting from the apex of the protoconid, forms a deep "Palaeomeryx fold" with the internal one. There is a quite distinct entostylid sitting lingual on the developed entoconulid. The preentoconulidcristid connects the posthypocristid and the entostylid. The back fossa of the m3 is oblique. The selenodont and quite large hypoconulid forms the posterolabial corner of the m3. The ectostylid and the posterior ectostylid are very well developed. The anterior cingulid is weakly developed.
Taxonomic Discussion
The lower m3 from Mongolia shows another interesting combination of characters. It represents a smaller taxon than the specimens described above (Figure 3 ) and differs in morphology ( Figure  2 ). It has a less flattened lingual wall and more pronounced lingual elements. There is a clearly developed rib at the metaconid, and a weaker one at the entoconid. Furthermore, the tooth bears a very strong metastylid. This morphology is similar to the general condition in Cervidae and Lagomerycidae. However, neither Miocene Cervidae nor Lagomerycidae possess a back fossa closed by a high entoconulid and a postentoconulidcristid. In Lagomerycidae this feature is only known in the tiny Lagomeryx pumilio, whose phylogenetic relationships are not yet fully resolved (it is the only lagomerycid where no cranial appendages are known until now; Rössner, 2010) . In any case, L. pumilio can be distinguished from the Ulan Tolgoi m3 by morphology and size. The tooth crown height is lower, the lingual wall is less aligned and less closed, and it is smaller (Rössner, 2010) .
The tooth also differs from other non-moschid taxa. The metastylid of the m3 from Ulan Tolgoi is not as developed as in Amphitragulus and Dremotherium (Mennecart, 2012) . The type specimen of the North American "blastomerycid" Blastomeryx olcotti (AMNH 13224) does possess an additional stylid closing the back basin of the m3 (Matthew, 1908) , but the basin is not as developed as in our specimen, and the crown of the tooth is clearly lower. The Ulan Tolgoi m3 shares with Tus-comeryx, as with many ruminants, the clearly present external postprotocristid, but differs by a stronger metastylid and a fully closed back fossa with a high entoconulid and a postentoconulidcristid (Abbazzi, 2001) . Furthermore, there is no strongly developed postentocristid / entostylid in Tuscomeryx. The ectostylid and the posterior ectostylid are very strong in the Mongolian specimen and similar to the condition in Amphimoschus, which also shares with the Mongolian specimen a biconid third lobe. Amphimoschus, however, clearly differs by the lack of an external postprotocristid from the Mongolian m3. This feature also distinguishes the Ulan Tolgoi specimen from both Bovidae and the moschid Hispanomeryx. Additionally, the m3 from Ulan Tolgoi differs from the currently known Hispanomeryx in its general morphology, e.g., by its less slender crown shape, the less flattened lingual conids, and the more structured lingual wall. In morphology the Ulan Tolgoi specimen is most similar to the moschid Micromeryx, but it is in the upper size range of what is known of this genus from the middle Miocene of Europe (Figure 3 ). Contrary to Hispanomeryx (except in H. aragonensis and H. andrewsi, where the metastylids are more pronounced than in other Hispanomeryx species; Sánchez et al., 2010 Sánchez et al., , 2011 , the molars of Micromeryx flourensianus do possess a fairly strong and salient metastylid, as well as a "Palaeomeryx fold". However, the metastylid in the Ulan Tolgoi m3 is still stronger than in M. flourensianus from Sansan and Steinheim am Albuch (Aiglstorfer et al., 2017) . This clearly distinguishes the Ulan Tolgoi specimen also from all other Micromeryx species. It furthermore differs from M. azanzae by the presence of the external postprotocristid. Micromeryx? eiselei is of similar size as the Ulan Tolgoi m3 and possesses a pronounced metastylid (Aiglstorfer et al., 2017) . However, the metastylid in this species is still smaller than in the Mongolian specimen, and the relief on the lingual wall is flatter. Furthermore, the anterior cingulid extends to the lingual wall in M.? eiselei, which is not the case in the Ulan Tolgoi specimen.
Theilhard de Chardin (1926) described Moschus primaevus (also written Moschus primigenius in the captions of the figure 8, pl. 4 and figure 1, pl. 5) from the "Terres rouges pontiennes du Chiton-gol" (latest Miocene/Pliocene, China). reattributed this locality to the Huitenghe locality (China; Ertemte and Harr Obo faunas in their appendix). Four different sedimentological layers were identified by Theilhard de Char-din (1926) . Moschus primaevus has been recovered in the layer B in association with very well-preserved mandibles of Ochotona lagreli (Theilhard de Chardin, 1926) . This lagomorph is characteristic for late Miocene deposits, associated to the Mongolian biozone E (Erbajeva, 2007; Erbajeva et al., 2011; Cermák, 2016) . Due to the recently found abundant fauna this locality has been attributed to the Bahean stage, late Miocene, ca. 9 Mya . As we do not see any characteristic features of Moschus (high anterior cingulid forming a "goat fold", hypsodont teeth, lack of external postprotocristid, fold like structure at the metaconid) in M. primaevus, but find characteristics for the genus Micromeryx (p4 morphology, presence of external postprotocristid (except of M. azanzae), mesodont teeth, less aligned lingual conids in molars) we agree with Sánchez et al. (2010) and reassess the species as belonging to the genus Micromeryx.
NHMW 2001z0120/0001 is relatively worn in comparison to the type specimen of Micromeryx primaevus. Nevertheless, they both share bulky lingual cuspids with strong stylids, a prominent external postprotocristid, and are relatively lower crown than Hispanomeryx. Furthermore, they are of similar size (Figure 3 ). However, it cannot be completely resolved if the m3 of Ulan Tolgoi and M. primaevus are conspecific. The material from Ulan Tolgoi is limited, and we can only refer to the drawings of Theilhard de Chardin (1926) for the dental morphology in M. primaevus. In these drawings, there is a structure indicated at the anterior base of the lingual molar wall that is not present in the Ulan Tolgoi specimen. It could either represent the anterior cingulid, proceeding on the lingual wall as in M.? eiselei, or just an intention to highlight the concavity on the lingual wall below the mesostylid. Furthermore, there is a large age difference between the Ulan Tolgoi and the Huitenghe localities. As a consequence of these uncertainties, we determine the specimen NHMW 20001z0120/0001 in open nomenclature as M. cf. primaevus.
BIOSTRATIGRAPHY AND PALEOBIOGEOGRAPHY OF THE OLDEST KNOWN MOSCHIDAE
Thanks to recent works on the Miocene Moschidae (e.g., Morales, 2006, 2008; Vislobokova 2007; Sánchez et al. 2009 Sánchez et al. , 2010 Sánchez et al. , 2011 Aiglstorfer and Costeur, 2013; Wang et al. 2015; Aiglstorfer et al., 2017 Aiglstorfer et al., , 2018 , we have a better understanding of the early evolutionary history of the Moschidae. Based on combined DNA and morphological character analyses, Mennecart et al. (2017) and Sánchez et al. (2015) predicted an origin of the Moschidae at about 20 Mya. However, no fossil of this age can firmly be attributed to this family (see introduction). Despite the fact that the fossil record is abundant in Central and Western Europe (especially in Spain), no Moschidae is known there before about 15 Mya (European unit MN5; Sánchez and Morales, 2006; Aiglstorfer et al., 2018) .
The oldest recognized moschid is from at least 16 Mya (European unit MN4) and comes from Serbia (see also discussion in introduction; Figure  5 ; Alaburic and Radovic, 2016) . It has been attributed to Micromeryx based on general shape and size. The Balkans were probably separated from Western Europe by the Paratethys at that time and may have been connected to Anatolia (Berger et al., 2005) . Unfortunately, data on Asian ruminants from this period are still too limited to allow speculation on the presence of moschids there.
A more abundant fossil record of the Moschidae is observed in Europe between 15 and 14 Mya (during European unit MN5, see Figure 5 ). The retreat of the Paratethys may have permitted Micromeryx to spread all over Eurasia (Aiglstorfer et al., 2018) . The dispersal of Hispanomeryx, on the other hand, is different. It is known in Asia between 15 and 14 Mya (Hispanomeryx sp. from Paşalar, Lengshuigou, and Lierbao; Wang et al., 2015; Aiglstorfer et al., 2018) and appeared in Europe between 14 and 13 Mya, where it became quite abundant in Spain ( Figure 5 ; Sánchez et al., 2010) .
The Moschidae indet. specimens described in this work are a first step to better track the early Asian radiation of the family with probably new genera to be described. With new Asian material we hope to better understand the early evolution and origin of the Moschidae.
CONCLUSIONS
We describe the first unambiguous Miocene Moschidae from Mongolia. They come from the early middle Miocene locality Ulan Tolgoi and belong to at least two different taxa: Micromeryx cf. primaevus and Moschidae indet. The fossils from Ulan Tolgoi are one of the oldest known moschids and the oldest moschids from Mongolia so far. They help to better understand the early evolution of the family Moschidae. However, further data is needed to better understand the broad evolution-ary history of these enigmatic ruminants with sabre-like canines.
